A dextranase preparation (AD17) partially purified from a culture liquor of Spicaria violacea strain IFO 6120 significantly inhibited the formation of artificial dental plaque on a steel wire or on an extracted tooth surface. Changes in the surface morphology of Streptococcus mutans cells due to AD17 action were studied using scanning electron microscopy. S. mutans cells grown in 5% sucrose-containing broth were coated with sticky amorphous capsule-like material, whereas cells grown in sucrose in the presence of AD17 or in glucose instead of sucrose did not synthesize such capsular material. AD17 degraded commercially available dextrans of molecular weight 7 x 101 and 2 x 106 to liberate glucose and various oligosaccharides, including isomaltose. On the other hand, AD17 hydrolyzed the extracellular polysaccharides (mainly glucan in nature) of some strains of S. mutans to a limited degree. Only 15 to 36% of the total polysaccharides were hydrolyzed by AD17 with little release of isomaltose. Prolonged incubation of the polysaccharides from S. mutans with AD17 did not release additional reducing sugars, which indicates that AD17 did not contain a-1,3-glucanase activity. These results suggest that glucosidic linkages which are susceptible to AD17 may play an important role in the adherence of S. mutans cells to smooth surfaces.
Special attention has been focused on the production of insoluble extracellular polysaccharides from sucrose by Streptococcus mutans (10, 14) . Synthesis of insoluble polysaccharides has been considered a virulence factor which is responsible for the cariogenicity of S. mutans (6, 36) . The polysaccharides are mainly composed of a glucan; however, some strains of S. mutans also produce variable amounts of fructan (10, 24, 31) . The water-insoluble glucan has been shown to be predominantly a-1,3-linked (3, 11, 20) . On the other hand, water-soluble glucan which is also synthesized by S. mutans is exclusively linear a-1,6-linked and appears essentially identical to dextran produced by Leuconostoc sp. (9) .
Although some research workers stress the importance of the water-insoluble glucan, the relationship of water insolubility and stickiness (or adhesive properties) of the glucan has not been clarified (10, 11, 13) .
We found that a dextranase preparation from Spicaria violacea strain IFO 6120 inhibited the Present address: Department of Microbiology, Northwestern University Medical School, Chicago, Ill. 60611. development of dental caries in rats (unpublished data) and hamsters (S. Hamada et al., submitted for publication), but the dextranase degraded the insoluble glucans to a limited extent in in vitro experiments. This paper describes the effects of dextranase on the extracellular glucans from S. mutans and the morphological changes of S. mutans cells resulting from dextranase.
MATERIALS AND METHODS Enzyme preparation. Dextranase (EC 3.2.1.11; a-1,6-glucan 6-glucanohydrolase) lot AD17 was partially purified from a culture supernatant of S. uiolacea strain IFO 6120 as previously described (26) . The reaction mixture for the determination of dextranase activity consisted of 1.0 ml of 1% dextran (clinical dextran, Meito Co., Nagoya, Japan), 400 /Ld of 0.1 M acetate buffer, pH 5.8 , and 100 ,ul of enzyme solution. After incubation at 37 C for 30 min, the release of the reducing sugars was determined. One dextranase unit was defined as that amount of enzyme which liberates 1 zmol of reducing sugar per min. The activity of AD17 preparation was estimated to be about 500 U per mg of dry weight preparation. One unit by this method is equivalent to 7. 4 Tsuchiya units (37) .
Bacterial strains. The strain designation and origin of the organisms used in this study are Table 2 , artificial dental plaque formations by S. mutans strains were significantly inhibited when dextranase AD17 was incorporated into the culture medium at a final concentration of 10 and/or 50 U per ml. Plaque formation by many strains including HS6 (serotype a), MT615R (d), and OMZ 176 (d) was almost completely prevented ( Fig. la) , but some of the strains were considerably resistant to the action of dextranase AD17 (Fig. lb) (Table 3) . Effect of dextranase AD17 on the cellular morphology of S. mutans and the artificial dental plaque. Figure 2 shows the scanning electron microscopic photograph of S. mutans (Fig. 2a) . On the other hand, if the cells were grown in TSS broth, the cells were covered with amorphous capsule-like material of heavy thickness. In most areas, the coating almost obscured the contours of cell morphology and embedded the organisms in it (Fig. 2b) . However, the incorporation of dextranase AD17 into the TSS broth prevented the formation of the amorphous outer coat of the organisms (Fig. 2c) Figure 3a and b illustrates the artificial dental plaque formed on the cleaned extracted tooth surface by serial transfers of S. mutans strain OMZ 176 in TSS broth. Not only confluent growth on the surface but also threedimensional expansion is observed (Fig. 3a) . Figure 3b demonstrates the cumulonimbus-like structure of strata which is composed of packed streptococcal cells and their extracellular polysaccharide capsular material. As shown in Fig.  4a and b, the addition of dextranase AD17 to TSS broth significantly inhibited the formation of artificial dental plaque on the extracted tooth surface. Figure 4 shows a visual field of scanning electron microscopy where some S. mutans cells adhered to the tooth surface even when the dextranase had been added. But most of the visual field of the sample (Fig. 4b ) was found to be almost organism free.
Similar effects of dextranase AD17 were confirmed in the other S. mutans strains. Figure  5a illustrates the artificial dental plaque by strain MT6R on the extracted tooth surface.
This plaque is somewhat different in morphology from that of strain OMZ 176. The microcolonies of strain MT6R preferably grow on the same plain in contrast to the three-dimensional growth of strain OMZ 176. Dextranase AD17 prevented the formation of artificial plaque (Fig. 5b) . Furthermore, preformed plaque on the tooth surface could be significantly removed by the dextranase treatment (Fig. 5c) .
Inhibition of polysaccharide synthesis by S. mutans in the presence of dextranase AD17. S. mutans strains MT6R and OMZ 176 were cultivated in THS and TSS broths with or without dextranase AD17. The cultures with- out dextranase AD17 showed heavy precipitation on the bottom of the culture flasks, whereas those with the enzyme grew with relatively homogeneous turbidity of the culture broth. Phase-contrast microscopic observation revealed that the organisms in THS broth formed large aggregates, but those cultivated in the presence of the enzyme were chain forming. Table 4 shows that the polysaccharide production by the S. mutans strains in the culture supernatant (fraction A) was significantly reduced in the presence of dextranase AD17. The polysaccharides produced were water insoluble. However, cell-associated polysaccharide synthesis was not influenced by the action of the dextranase (fraction B). On the other hand, dextranase AD17 did not inhibit the polysaccharide production by Streptococcus salivarius strains HHT and SS2 ( Fig. 3a. x200. synthesized by S. salivarius were mainly composed of fructose (Table 5) .
Chemical composition of the isolated polysaccharide fractions and susceptibility to dextranase AD17. Four polysaccharide fractions were obtained from each of S. mutans strains MT6R, MT118R, OMZ 176 and LM7. Hydrolysates of all fractions were developed with thin-layer chromatography to determine the component sugars. Most of the polysaccharides were mainly composed of glucose. However, significant amounts of fructose were occasionally found in the hydrolysates from some of the polysaccharide fractions, for example fraction 4 of strain LM7 (Fig. 6) (Table 7) . Thin-layer chromatography revealed that enzyme hydrolysates of the commercial dextrans produced mainly glucose (Fig. 7) , small amounts of isomaltose, and significant amounts of isomaltodextrin, probably isomaltotriose. However, isomaltose was not found in the enzymatic hydrolysates of the polysaccharide fractions from S. mutans strains MT6R and OMZ 176, except fraction 4 of OMZ 176 polysaccharide (Fig. 7) . Only glucose and oligosaccharide were detected in these fractions. Moreover, the release of reducing sugars after enzymatic degradation ofS. mutans polysaccharides was limited (15 to 36% of the total polysaccharides) as compared to that of commercial dextrans. Similar results were obtained in the polysaccharide fractions from strains MT118R and LM7. In general, the cell-associated fraction of each polysaccharide was more resistant to the action of dextranase AD17, except that from OMZ 176. Fraction 4 of strain OMZ 176 shows a similar hydrolytic pattern to that of commercial dextran in thin-layer plates and better release of reducing sugars (Table 7) . Prolonged reaction (up to 264 h) did not release the reducing sugars from the cell-associated polysaccharide fractions. Isomaltose was not susceptible to dextranase AD17 (Table 7) . DISCUSSION Several investigators (1, 5, 11, 28) demonstrated that dextranase had the limited ability to degrade the extracellular polysaccharides produced by S. mutans. The relative resistance of these glucans to dextranase, in contrast to the dextrans from L. mesenteroides, may depend on the high content of a-1,3-glucosidic linkages rather than a-1,6-linkages in the glucans, as was first suggested by Guggenheim Dextranase AD17 split the S. mutans polysaccharides into glucose and isomaltodextrin, and only small amounts of isomaltose were detected in the hydrolysates. However, dextran, which is composed of linear a-1,6-glucosidic linkages, was degraded into glucose, isomaltose, and isomaltodextrins. The difference in the end products of the enzymatic hydrolysates under the same condition should be a reflection of the structural differences between dextran and S. mutans polysaccharides. In this connection, Minah et al. (23) suggested that dental plaque samples contained little dextran because no release of isomaltose was detected after treatment of plaque materials with dextranase 110 from Penicillium funiculosum NRRL 1768. However, it should be noted that dextranase does not necessarily split glucans, especially those from S. mutans, into isomaltose and other components (1, 16, 33) .
Furthermore, it must be taken into consideration that chemical modification of the glucans might occur during the synthesis of polysaccharides by S. mutans cells. This could occur through the action of their own dextranases, which several investigators have recently reported (7, 12, 35) .
Although dextranase AD17 could not completely degrade the glucans from S. mutans, artificial plaque formation on the steel wires and on the extracted human tooth surfaces were markedly inhibited by the enzyme. These results suggest that the adherence-promoting capacities of the extracellular glucans of S. mutans might be attributable to a-1,6-glucosidic linkages which are susceptible to the action of dextranase AD17. It should be noted here again that prolonged reaction (264 h) of the dextranase with the insoluble polysaccharides from S. mutans did not release the reducing sugars (data not shown). Newbrun (28) clearly demonstrated that, if a dextranase contained trace amounts of a-1,3-glucanase activity, S. mutans glucans were decomposed extensively after prolonged incubation. Even in the presence of dextranase, S. mutans continued to produce waterinsoluble glucans which are considered to be mainly composed of a-1,3-linkages. This sugwas added to the preformed plaques, significant amounts ofplaque remained even after enzvme treatment (c). x2,040.
VOL. 12, 1975 on October 16, 2017 by guest http://iai.asm.org/ Downloaded from petitive acceptor against sucrose in the reaction system. Thus the synthesis of the polysaccharides was significantly restricted. It was also demonstrated that heat-killed S. mutans cells retained the ability to adhere to a glass surface when crude glucosyltransferase and sucrose were added (24) . However, if the cells were pretreated with dextranase, the adherence ability decreased significantly (25; Hamada and Slade, J. Dent. Res., in press). It was suggested that this might be due to degradation of surface-located glucans which would be responsible for the glucosyltransferase receptor. Dextranase AD17 may likewise destroy or prevent the synthesis of the receptor glucans on the cell surface, which resulted in the loss of adherence ability ofS. mutans cells to smooth surfaces. This may explain the inability to form capsule-like sticky polysaccharides on the S. mutans cell surface under the influence of dextranase AD17, as shown in Fig. 2c . This explanation is supported by the scanning electron microscopic observations of Johnson et al. (18) . These workers found that sucrose-grown cells of a mutant of S. mutans strain GS5, which had lost the ability to adhere to a glass surface, could not form aggregates and microcolonies, whereas the wild-type strain formed them. These properties ofthe mutant may be comparable to those of cells grown in medium containing both sucrose and dextranase.
On the other hand, from their examination of ultrathin sections, Nalbandian et al. (27) demonstrated two different kinds of extracellular structural components, sucrose-dependent fibrillar (with some globular) glucans of irregular morphology and sucrose-independent, surface-associated fuzzy coat which was probably protein in nature. The extracellular fibrillar structure was destroyed by the action of dextranase, which is in agreement with our findings in the scanning electron microscopic study.
The effects of dextranase on the formation of artificial dental plaque by S. mutans strain 6715 (serotype d) have been reported by Hoffman et al. (17) . In their scanning electron microscopic studies, they described honeycombed demineralization patterns on the enamel surface just underneath the artificial plaque after incubation for 138 
